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Fodder scarcity is a major obstacle for Indian livestock production (Roy and Singh, 2008) . Physiological functions suffer (e.g., onset of puberty, growth, fertility, milk production, disease resistance, and absorption of essential nutrients) when energy supply is inadequate (Kearl, 1982) . Devendra's (2013) analysis of successful and unsuccessful goat development projects identified feeding and nutrition as major constraints to animal productivity. A deficit of 67% in green fodder, 32% in dry fodder and 22% in concentrates is expected for Indian livestock in 2015 (Roy and Singh, 2008) . Wise use of available fodder and feed resources is required to sustain India's growing livestock population (Roy and Singh, 2008) . Consequently, the objectives of this study were to characterize household goat feeding practices and assess goat nutrition and health with body condition scoring. We highlight opportunities to improve goat nutrition and health in the Jhadol block of Udaipur district (Rajasthan). Our assessment is best viewed as a first-stage characterization study that can improve understanding of goat management, including nutritional opportunities and constraints to goat production in the study area, and help identify key areas for subsequent research.
Research was conducted in western Udaipur district (Rajasthan), India. Jhadol block, the study's central research base, is located 60 km southwest of Udaipur city. Udaipur experiences three main seasons: rainy (July to September), winter (October to mid-March), and summer (mid-March to June). We focused on four clusters (Ogna, Jhadol, Kantharia and Baghpura) in Jhadol block. All survey respondents were considered below the poverty line according to Rajasthan State government household census and scoring system. Goat keepers operated in a semiintensive system with both free-browsing and stallfeeding, which depended on season and biomass availability. Most goat owners had minimal knowledge of best management practices (e.g., planned breeding, deworming and vaccinations) (ILRI, 2012a).
Interviews (n=64) were completed with farm families in August and September 2013. Interviews were supplemented by researcher observations, goat
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body condition scoring, and animal tracking to foraging areas. Our questionnaire consisted of 49 questions addressing socioeconomic status, goat husbandry practices, goat diets, feeding habits, feed shortage mitigation, crop residue use and lactation. Interviewed farmers were randomly selected within villages to generate a diverse, geographically representative sample from clusters in Jhadol block. Two villages were randomly selected in three clusters, while four villages were selected in a fourth cluster (Ogna) because Ogna village populations were low. Eight households were randomly selected in each village in the first three clusters, and four participants were selected in each Ogna village. Thus, 16 households were interviewed in each cluster for a total sample population of 64 participants. Household interview duration was approximately one hour. Missing and abnormal data were addressed with follow-up discussions in person or by phone. Available goats in surveyed households (n=419) were individually photographed and body condition scored by applying a 9-point palpation and observation-based scale from 1 to 5 with 0.5-point increments, according to Langston University guidelines (Detweiler et al., 2008) .
Statistical analysis was executed in JMP 9.0.2 (SAS Institute). Thirty-one variables from the total survey were used in statistical data analysis (Tables 1 and 2). As with all recall surveys, responses represent farmer perceptions about biological and economic realities (excluding researcher-measured body condition scores). Selected variables with low variation and those that were not answered consistently were removed. Body condition score and number of seasons foraged, were targeted with ANOVA statistical analyses to assess goat health and household goat foraging decisions. Significant mean differences were declared at P 0.05 with Tukey's adjustment for multiple comparisons. Retrospective power of tests was calculated for fixed effects models. Body condition score was analyzed in a linear mixed model with cluster as a fixed effect and household as a random effect to determine significantly different geographic regions.
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RESULTS AND DISCUSSION
Local inhabitants were heavily reliant on their own land for subsistence, and many inhabitants depended on income as wage labourers (38%). Majority of participants (54%) identified goats as their most important livestock asset. Popular reasons for owning goats as a percentage of total respondents were live animal sales (100%), sales in case of emergency (100%), milk consumption (98%) and manure as a soil amendment (95%). Less frequent reasons for owning goats were sacrifice (28%) and meat consumption (9%). Goat milk was primarily used for home consumption or left for goat kid consumption. A few respondents (3%) reported goat milk sales. Goat milk production estimates ranged from 488 g/d during peak lactation to 165 g/d in late lactation.
Elder women (grandmothers no longer rearing their own children) acted as primary goat caretakers in most households (73%). Other primary caretakers reported by respondents included elder males (14%) and female children (8%). Adult females, adult males, and male children were the main caretakers in 5% of households. Caretakers fed grasses and shrubs on the ground (50%) or by hanging (50%). A quarter of respondents practiced drying leaves for alternative livestock feed during times of scarcity. Descriptive statistics for other variables of interest provide further background information on household, goat, and goat management characteristics (Table 1 and 2). Seeds and saplings of (L.) Merr and (Lam) de Wit were distributed to farmers locally based on their highly palatable characteristics and the ability to combine with roughages in goat rations (Orwa et al., 2009b, c) .
nutritive value has been analyzed in India at 22% crude protein, 56% neutral detergent fibre and 37% acid detergent fibre and is considered a nutritious livestock feed (Bakshi and Wadhwa, 2004) . Local village representatives voiced support for promotion of (Basantilal Ahari, personal communication, August 25, 2013), because it is a local plant species.
nutritive value was analyzed at 16% crude protein, 60% neutral detergent fibre and 44% acid detergent fibre (Bakshi and Wadhwa, 2004), demonstrating nutritive potential as tropical fodder.
(is an important fodder species in the region, but green pods contains high hydrocyanic acid that can poison goats when consumed in large quantities (Orwa et al., 2009a) . Project participants voiced concerns and enlisted advice for cyanide poisoning of their goats from pods (ILRI, 2012b). Consideration of farmer adoption potential for agroforestry tree species is important to development projects. Our field observations suggest that adoption of local tree species could be higher than introduced species due to management and cultivation familiarity, and that some of these species have high nutritive value potential.
Body condition score was first analyzed with cluster while controlling for household as a random effect (Table 3) . Body condition scores in rainy season were relatively poor, ranging from 1 to 2.5, with most scores between 1 and 2 (Plate 1). 13%) and Brandis (11%). Most lopping was conducted in the forest, but some lopping of cultivated fodder trees was also reported. Fodder trees were grown by 42% of respondents, with the following popular species:
Sesbania sesban
Lam (34%), Benth (6%) and (Lam.) de Wit (6%). Majority of households cultivated fodder (67.2%), and 50% of households that cultivated fodder grew multiple species. Grass and/or legume forages were cultivated by 45% of total households. Commonly cultivated grass and legume species were L. (30%) and L. (16%). Average land size allocated for tree and forage cultivation was 0.067 ha. The household decision to cultivate fodder was not significantly correlated with land (P= 0.6187), total goats owned (P= 0.6765) or education (P= 0.5427).
Several results from our study are comparable to findings in a 2012-2013 International Livestock Research Institute (ILRI) baseline study in the same region (ILRI, 2012a). Popularly lopped trees in ILRI's baseline study were , (L.) Del, and A. Juss (ILRI, 2012a) . Results of our study included additional trees such as , ,
. and . These plant species may vary depending on the diverse ecology near specific villages in Udaipur district. For example, commonly fed plants in Ranpur village differed from plants in Barlipara village, though these villages were only 50 km apart. higher than a stall-fed animal. Households with access to additional fresh biomass from cultivated forages can offer more feed at home while reducing energy expenditures relative to animals that spend more time foraging. Time spent foraging on common lands may increase household risk because poor households are increasingly losing access to common property resources (Jodha, 1985; Beck and Nesmith, 2001) . Livestock fed near the household using cultivated forages could help mitigate fluctuations in biomass availability in common property resources. Research targeting the impact of these management changes on sustainability of the local crop-livestock system could help improve goat health, goat nutrition, and understanding about household decision tradeoffs between forage cultivation and cash or food crop cultivation on limited landholdings.
Ziziphus mauritiana
Goat body condition score was significantly higher for households that cultivated forages (1.83) than households that did not cultivate forages (1.69), because potentially more forage of higher nutritive value was fed. Potential for higher dry matter intake and higher digestibility could contribute to observed body condition score differences (Table 4) . Households supplemented goat diets with forages near the household when forages were cultivated. Thus, adoption of fodder cultivation could improve overall goat nutrition and health. Households that did not cultivate forages would be more susceptible to forage availability in common property resources, which varies with rainfall and livestock stocking rates from common land users.
Body condition score was also significantly higher for respondents that lopped branches in the rainy season (1.9) than respondents that did not lop branches (1.74). Body condition score was not affected by annual hours walked or annual km walked (Table 4 ). Higher dry matter intake relative to more stationary goats may have offset energy expenditures from walking. According to calculations made with the small ruminant nutrition system (Tedeschi et al., 2010) based on a diet of whole barley, corn cobs, long alfalfa Plate 1. Body condition score examples. Left goat body condition score is 1 and right goat body condition score is 2 
